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By Richard W. Noyes -
SUMMARY

Thls report gives the characteristics of a wing with
an auxiliary airfoil mounted near its trailing edge and
used as a flap. The tests were made with a 10 by 60 inch
Clark Y main airfoil and an N.4.C.A. 0012 flap having a
ehord equal to 15 percent of the main wing chord. The
axis of the flap in all cases was on the flap chord and
20 percent back from its leading edge.

The optimum location of the flap axls relative to the
maln wing for maximum 1ift was found to be 1l.25 percent of
the main wing chord behind the trailing edge and 2.5 per-
coent below the chord. In this position CLmax wag ine-

‘ecreased from 1l.250 (for tho plain wing) to 1.810 at 45° dew
flection of the flap and CDmin was decreased from 0.0155

t0 040146 at -5° deflection, the coefficlient in each case
being based on the sum of the flap and wing areas. XNo
serious adverse change in lateral stadbility was found to
result from the use of the flap in the optimum position.

INTRODUCTION

In most of the cases where flaps are employed to in=
creass the maxirmm 1ift of a wing they are so consitructed
as to retract into or vecome a part of the main wing when
in their natural or low-drag attituds. A less common type
consists of an auxiliary airfoil which remains external to
the main wing at all times. This latter type of flap has
been used on certzin Junkers airplanes in Germany and tests
have been made in this country (reference 1) on a somewhat
gimilar installaetion known as the Wragg compound wing.
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The present report gives the results of tests made
by the N.A.C.4A:. on & Clark ¥ wing with an auxililary air-~
foil, 15 percent of the wiung choril wide, mounted in sev-
eral positions near the trailing edgs. The data were ob-
tained in the course of a compreheusive investigation of
auxiliary airfoils for use as ailerons and for this reason
the information relative to their use as a high-1ift de-
vice is not complete at all test positions. The scope of
the tests, however, included tlhe determination of the max-
imum 1ift and micimum drag ebtainabie and the best value
of the climb criterion (L/D at Cp = 0.7) =2t nearly all
the positions tested. In addition, more detailed 11if%,
drag, center-of-pressure, and lateral-stabillity data were
obtained with the flap in the most favorable location.
The range of locations of the flap axis was from 70 to 110
percent of the wing chord and from O to 20 percent below
the wing chord. This range includes the flap positions
used by both Junkers and Wragsg.

APPARATUS

Y airfoil having a 10-~inch chord and a €C~inch span. The
flap had an N.A.C.A, 0012 profile (see vable I for ordi-
rates), was made of duralumin, and had a l.5-inch chord

and g span equal to that of the main wing,. v was ahttached
to the main wing by seven 1/32~inch sheet-steel brackeths.
Bach bracket carried a hinge pin fitted in a sovcket located
at the 20-perceunt-chord point of the flap. The angls of
the.flap to the main wing was set by means of gquadrants
fixed rigidly in the flap and so arranged that they counld
be screwed to four of the brackets. The range of deflec-
tion available al each location of the Tlap axis {except
where the flap came in contact with the lower surfacs of
the wing) was from the frailing edge up 75° to the trail-
ing edge down 50, in B 4increments. Figure 1 shows the
wing model with the flap mounted in the optimum position.

N.aeCiaae 7 by 10 foot open-jet wind tunnel, In this tunnel
ths model is suppeorted in such a marner that the forces and
moments about the guarter~chord point of the mid section of
the model are measured &irectly in coefflcilent form. For
autorotation tests, tie standard force-test tripcd is re-
placed by a special mounting that permits the model to ro-
tate about the longitudinal wird axis passing through the
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mid-span quarter-chord point. This apparatus is mounted
on the bealance, and the rolling-moment coefficisnt can be
read dirsctly during the forced-~rotation tests. A4 com-
plete description of the tunnel and its egquipment is glven
in reference 2.

TESTS

The tests were conducted in accordance with the stond-
ard procedure, and at the wusual dynamic pressure and Reyn-
o0lds Rumber employed in the 7 by 10 foot tunnel. The d4dy-
namic pressurse was 16.37 pounds per square foot, correspond-
ing to an air speed of B0 mlles per hour at standard doensi-
ty, and the Reynolds Number was 609,000, based on the chord
of the rain wing section.

With a few exceptions, short force tests using several
flap deflections were conducted at each location of the
flap to determine the maximum attainabdle 1ift, the minimum
drag, and the best value of the climbd criterion. At the
zost favorable location of the flep for maximun 1ift found
by these prelininary tests, the following tests were con-
ducted with the flap in both the high~1ift and the low-drag
attitudes: 6~component force tests at 0  and 20  yaw; free
autorotation tests to determine the angle of attack above
which autorotation is self—startlng, and forced autorota~
tion tests at 0° and 20° yvaw, in which the rolling moment
was measured while the wing was rolling at a velocity equal
to the maximum likely %to Pe encountered in controlled
flight in very gusty air.

The accuracy of the present tests is considered sat-
isfactory except in the range just above the stall, whers
values of the coefficients are erratic and often poorly
defined,

RESULTS

The results of this investigation are presented in
the form of contour charts (figs. 2 to 5) showing the ef-
fect of the flap~axis location on:

CrLp,y (flap in best attitude for high 1ift)

5 (flap in best attitude for low drag)
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Cr. '
_Lmax (flap in best attitudes for high -1ift and low
Chnmin  drag) .

L/D at Cy = 0.7 (flap in best attitude -for rate of _ -
climb)

In addition, 1if%, drag, and center-of-pressure curves are
given in figure 6 for the wing with the flap in the opti-
munm,. location for Of nax’ . Table II presents in condensed
form the salient characterlst1cs for each position of the
flap axis tested,

., The coefficients as plotted and as given in table II
may be defined as follows:

= Lift
C;, = a5
drag
c = ==
D as
op = ' ' " =
qbs

where q 1is the dynamic pressure, § 1is the total aroca

of wing-plus-~flap, b is the wing span, and A is the
rolling moment measured while the wing is rolllng. The
coefficient C) is used as a measure of ths degree of lat-
eral stability or instabillity of a2 wing undor vaerisus con-
ditionss In the present case, it is used to indicate the
rolling moments developed when a wing is subjected to a
rolling velocity equal %o the mazimum likely to be oencoun-~
tered .iu controlled flight in very gusty air. This rolling
volocity may be expressed in terms of the wing span as:

p'd _
57 0.05

where V 1lg the air spsed at the center of the wing and
p! 1s the angular velocity in roll about the wind axis.

DISCUSSION

Maximam 1ift,~ The value of the maximum 11lft coeffi-

cient of a wing system may bo used as a criterion of the
wing area reguired for a desired landing speed or, con-
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versely, for the landing speed obtained with a given w1ng
area. .With the present wing system, consisting of a main
airfoil and an auxillary airfoil uged as a flap, a maximum
lift coefficlent equal to or,.better than that of a ‘plain
wing was obtained with the flap axis laqcated almost any-
where within the linmits of the area explored (See fig.
2.) TForward of about 85 percent of the wing .chord the
flep reduces the valué of. Cp .- Dbelow that obtainable

with the wing alone.. This reduction -is apparent until
the smaller wing is at 1east O 8- chord length helow the
main wing. » A

An important increase in GL J'is'obtaiﬁé& only

when the flap axis is within a very 11m1ted area Jjust back
of and Pbelow the trailling edge of the wirng. Thé optimum '
axis position for a 1lb5-percent-chord flap hinged about a
point 0.2 of its width back from its leading edge was 1-1/4
percent chord behind the. traillng edge and 2-1/2 percent
chord below the chord of the main wing. In this position’
a meximum 1ift coefficient of 1,810, based on the whole
wing area, or 2.080 based on the main wing area, was ob-
tained with the flap 45° down.

Minimum drag.— The minlmum drag coefficient of a wing
may be used as a rough criterion of high speed when com-
paring similar alrplanes equipped with wings of equal area.
For the plain wing (flap removed) used in these tests the
minimum drag coefficient was.0.0155., TFigure 3 gives con-
tours of the values of Op min with the flap attached.

The fact that. certain values of cDmin fall below that

for the w1ng alone 18 dus, in varying degrese, to thres
factors: (1) The minimum drag coefficient of the flap
(based on its own area) is less than that of the wing;

(2)- the flap.in some positions is operating in air that
moves at a congiderably reduced velocity relative to the
undisturbed air stream; and (3) a mutual interference ef-
fect existe which reduces the value of CDmln on the main

wing. The minimum drag coefficient of the flap (r.a.c.A,
0012 profile) may be assumed to be about 0.0135. This
value i§ obtained from data given in references 3 and 4,
weighted to compensate faor the differences in the charac-
teristics of the.variable~density wind tunnel and the 7

by 10 foot atmospheric wind tunnel, The reduction in dy-
namic pressure in-a.limited arsca’dirsctly below the traile-
ing edge of the main wing has been shown to be in the or-
der of 30 percent (from unpublished data obtained in the
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H.A.C.A, full~gcale wind tunnrel)., I1f the above valus for
cDmiﬁ' 6f the flap -is &ssumed:;to be obtainable in the re~

gilon of the leddt dynamic ‘pressure, cDmiﬁ: for tha wing-

plus—flap becomes 0. 0147 Examinatlon of figure 3 ‘and ta=
ble II shows that noticeably 1ower values of CDmin were

obtained at ‘several -axis 1ocations, in spite ©of ths fact.
that the drag of—tne fixtures supporting the- flap is in-
cluded in .81l .casese. .. The maximum degreec of.favorable .in-
terference occurred at position P, where a minimum drag
coefflcient '0f 0.0141 ‘was- obtained."At'position: C, which
was shown to be the optimum with respect to maximum I1ift,
CDmin = 0,0146. The differerice bpestween these two 'values

of Cpps, 'may be taken as just .roticeable when 1t .is con-

sldered that the probable: accuracy of %the determination of.
CDmin"ls about io 0002.

- Where the same v&lue of CD adn for ‘the flap is ag-

sumed 28 in the previous case, but with = location suffi— .
ciently removed from ‘the wing to neglect any reductlion in
velocity or mutual interference offeét, the minimum drag
coefficient for -the- system becomes Q. 0152. ‘'This result
shows that a net unfavorable interference occurs with

flap locations forward of about the 80- percent-chord point;
it 8lsd’ throws some "doudt on the accuracy of the QDmin
value glVen for position' M. L N

1 - B
- - T

C1, A T
'figggigggggglr Tha'ratio E—EEE "is a convenient fig-
- K PR Dmin R . . PP

ure of merit for ‘comparing the effectiveness of different
wings in producing a large speed range. . Contowrs of this
ratio against axis. location ars given in figure 4. Owing
to the rather small percentage variation in CDmin . the

contouwrs for the epeed-range criterion follcw closely
those shown in figure 2 for GLm « The maximum value of

the .ratio occurs at position F, where & ratio 58 percent
graater than that for the plain wing is obtained,

This figure may be compared to that obtained for a
Powler flap reported im reference 5. The Fowler flap had
a chord length of 40 percent of the main wing chord and
retracted completely within the main wing when in the low- ‘
drag attitude. Thisg arrangenent gave a ratio of

T _

EBEQE =:198, or 146 percent groater than that for the .
min : '

plain wing.
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Comparison may algo’ be made. between the present. flap
arrangement and the Wragg flap as reported in reference
1. In that case the flap was approximatsly 32 perceat of
the main wing chord but :in' other respects the models wers
similar. The optimum angle for maximum 1ift was found %o
be abottt helf of that determined in the present teets, “but
the nose position of the flap relative to the trailing
edge of the maein wing and the vzlues of maxinpum 1ift co~
efflclents obtalned check reasenably well. ' -

Rate of climb.ﬂ-In order to establish a suitable crl—_
terion for the: effect of thse w1ng charaeter;etics an the
rate of -¢climb of an airplane, the performsnce- curves for.-

a number of types and sizes of airplanes werse calculated,
and the relation of the.maximum rate of .climb to the_liftn
and drag cﬁrves .studiéd, ‘This .investigabtion showed that
the 5E/D at™ 0y = 07 'gave a consistently reliable fig-
ure of merit f£or ‘this purpose. - This aiterion is plotted-
in the form of déntours of thse axie;locatlon ‘of the flap . .
in figure 5 ‘Highest -values . of the criterion . are-about
8 percent less-than ‘thoss ‘for the .plaim wing; they occur :
when the flap axis is 'slightly aft of the optimum location.
for CL '. With the flap in -the optimum pesitlcn for
Lmex (C) the drop in ‘the Fate-of-climb criterion amounts
to 10 perceant% of that for the plain winge.

Optimunm position.~ The data upon which to base the
choice of an optimum position for a l5-percent-chord ex-
ternal fl&p is not entirely complete without a2 knowledge
of the drag characteristics in the vicinity of maximum
lLift. Fowever, 'reference 5 indicates that the drag near
does not vary greatly with location of the: flap.

chax .
Consequently, the best position may bé taken as tnat glv—
ing the highest 1ift (p051t10n ). M¥inimum drag at this
location is slightly greater than that obtained farther
below the wing.at position .F, but the difference scenms
unimpertant when the accuracy of the determination of
GDmin is comsidered toge%her with the very slight differ-

ence in the ratio ,EEQ— for the two positions. Inasmuch
B YBnin - ' o

as thé rate-of-climdb criterion is the same.for the two lo-

catlions, position.. ¢ was chosen ag the most favorable

from all coneideratlons and lateral-stability tests were

run with the flap located here only, ' —
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Lateral stability.~ Lateral stabillity was measured
by determining the initial angle at which autorctation
was self-starting under varilous conditions of roll and
yaw, as well ag the maxzimum unstable torques developed
when the wing was forced to rotate at & given rate. Such
tests were made on ths wing with the flap mounted in tho
optimum position only and set both for high epeed and for
landing. The results of these tests, presented in tabdle
II, show negligible changes in ©€) as conmpared to the
plain wing., Initial angles of instability are approxi-
mately the same as those for the plain wing when the flap
is in the high~spesd attltude. With the flap down, how-
ever, and -the wing yawecd 20°, the wing shows a distinct
tenderncy, at gll normal angles of attack, to incrsase an
initial rate of rotation in roll when the roll is in the-
sane. direction as the yaw. The significance of this ten~
dency in relation to -the lateral-stabllity characteristics
of a complete airplane is largely dependent upon the fin
and rudder design, dihedral, and other structural features
of “he airplanse. ! In general, however, the tendency corre-
sponds to that- produced by an increase in dlhedral, a
clhange that ihcreases the spiral stability of an airplane
but makes it more difficult to maintain a yawed mittitude
such as might be employed in a cross-wind landing.

CORCLUSIONS

The followling c¢onclusions may be drawn concerning the
nse of a l5-percent-chérd auxiliary airfoil flap of sym-
metrical profile with a: straight €lark Y wing. In every
case where the term "optimum location’ 1s used reference
is made to the position at which the highest value of
chax was obtained,
ls Trhe optimum location of the 20-perceni~chord
point of the" flap (hinge axis) is gquite critical. It lies
1 1/4 percent of the main wing chord behind the tralling
sdge and 2»1/2 percent below the chord.

2. With the flap in the opt1mum position and de-
flected.: 459 down, GLmax = 1,810 Tbased on the totel wing

area, or 2.080 based on the adrea of the main wing. This
value répresents an inerease of 4F percent over that ob-
tained with the plain wing.
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3. TFavorable interference exists between the wing
and the flap (in the high-speed attitude) at all practical
locatlons of the flap axis behind 20 percent of the main
wing chord and within 20 percent of the chord line.

4, The flap decreases the rate—-of-climdb criterion by
10 percent in the optimum location,

5. Laterasl stability is unaffected by the flap when
mounted in the high-~speed attitude at the optlimum posi-
tien., With the flep in the landing attitude and the wiag
subjected to combined 20° yaw and a rolling velocity such

'd
that g-; = 0,05, +the wing shows an increased tendency to-

ward spiral stability.

Langley Memorial Aeronauticael Laboratory,
National Advisory Committee for Aeronautics,
Langley Fileld, Va., February 2, 1l934.
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TABLE I, AIRFOIL ORDINATES

All Values in Percent Airfoil Cherd

Clark Y N.A C.A. 0012
station | PBST . | euetace stasion | PEAT | avfese
0 %+ 50 3. 50 0 0 0
1.25 5.45 1,93 1,25 1.89 ~1.89
2.5 6450 1.47 2.5 2.62 -2.62
5 7.90 .93 5 3.56 -3.56
7.5 8.85 .63 7.5 4.20 -4.20
10 9.60 .42 10 4.68 —-4.68
15 10.69 .15 15 5.35 ~5.35
20 11.386 .03 20 5.74 ~5.74
30 11.70 0 30 6.00 -6.00
40 11.40 0 40 5.80 -5.80
50 10.52 0 50 5.29 ~5.29
60 9.15 ) 60 4.56 -4.56
70 7.35 o 70 3.66 -3.66
80 5.22 0 80 2.62 -2.62
90 2.80 0 90 1.45 -1.45
95 1.49 0 95 .81 - .81
100 .12 0 100 .13 - .13

Leading-edge radius = 1.50 Leading—-edge radius = 1,58



- TABIE II.

Main wing: Clark Y, 10-inch chord.
Velocity = 80 m.p.h.

B.N. = 609,000.

CEARACTERISTICS OF A WING WITH A SYMMETRICAL AUXILIARY AIRFOIL USED AS A FLAP

Auxiliary sirfoil: N.A.C.A., 0012, 1.5~inch chord
All coefficients based on area of wing plus flap

H Axis

-

o 8

., _Jocation | Flop setting initial

Per- |Per- relative to main o, instrbility

cent-cent- wing chord in roll

age |age L/D initial at

Popk= mgin main chax Best a a inste~ b T —
bon) W8 |men | “imex | Pin |Gppy o ¥ [Pl |Buta | “H | Chigae [Pt Sty | 22 20.05 | unstable 0,
from |from GL=0.7

L.B. |chord 0%yaw |-2vCyaw | 0%veaw [-20%yaw

deg.| deg.| deg.| deg.| deg.| deg. | deg.| dez.

Plein|wicz |1.250/0.0155| 80.6] 15.9 | - . -l | -3 17 16 10 ,0.033 | 0.082
A:1110 o 11.250} .0145} 86.2| 14.3 | 10 0 8117 |-3 - 1 _'"+‘“_ -
B {100 2.5 11.750] .0147{115.0] - 45 . - 113 - - - - - -

Flap setting -5Y
C j101.25/-2,5 |1.810] .0146;124.0| 14.3 | 45 | -5 5112 -1 18 16 | 130|___._o:35| .081
- Flev. setting 45
p l102.5 |2.5 11704 .01a5|117.6l 146 | 25 | 51 5|1 |1 N2 1118 -7 | 030 104
¥ {101.25]-3.75{1.760] .014531123,1| - a0 - - - |13 - = - = = -
¥ 100 15 [1.7780 .01411126,1] 14.83 | 50 0] 10 |1a | .3 - - - - -
T 5 (1.5 .01421107.9] 4.6 | 80 | 01 10 114 |5 | - . - |
H | 80 |-10 |1.250) .0154| 81.2] 14.0 | 50 0 o0 - ]-4 - - - - —
T [I00 [-10 |1.450| .0143(301,.4] 1¢.1 | 50 0 10 | - | -3 - - - - -
J 4110 [-10°  {L.440| .014%[101.4, 14.4 | 40 0} 5 |17 | & - ~ - - =
"X | 70 [-20 |1.200| .0155| 77-4] 14.0 = 0 0 - -4 - - - - -
T | 90 |20 |1.280| .0149] &5.8| 14.3 Z 0 0] - | -3 - - ~ - -
M [110 |-2G  |1.280| .014l| 90,81 14,1 - 0 0] - |3 ~ - - - -

¥34 *OK ©4q0K I®ofoqded 'v'O°VT’'N

1




X.A.C.A. rigs., 1,3,3

1.5 in. N.A.G.A.
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looking quadrant
and screw High-1ift

attitude
Figure 1.-Long%tudina1 oroses section of wind-tunnel model. Flap mounted in the optimum
position. o

!’-é—in. ateel _/
mounting bracket

Percent chord

-210——

Percent choxrd

Figure 2.-0ontours of Clma.x . Symmetrical, auxiliary eirfoil used es a flap. Reference
point and flap exis: 20 percent point of flap chord.

[

Percent chora

[ ]

Percel}t chord
'-l
*
]

.0160 t.ons
1

Figuré 3.-Contours of GD . Symmetrical, auxiliary airfoil used &as a flap. Hefosreace
'min
point and flap axis: 30 peroent point of flep chord.
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